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TRAILING-EDGECONTROLSONA TRAPEZ033)ALWING

ATMACHNUM6ERSOF 1.61AND2.01

IjyDouglasR. LordandK.R. Czsz’neckL

An investigationhasbeenmadeat?&chnmubersof1.61and2.01for
a rangeofReynoldsnumberfrom1.7x 106to 5.6 x 106to determinethe
controleffectivenessandhinge-momentchaxactwisticsfora seriesof
25.4-percent-chordtrailing-edgecontrolsona trapezoidalwinghavinga
23°sweptbackleadingedge,aspectratioof3.1, andtaperratioof 0.4.
Pressure-distributionandhinge-momentmeasurementsweremadeat angles
ofattackfrcm0°to15°forcontroldeflectionsfrom-30°to30°.

Integratedpresske-distributionresultsandhinge-momentresults
showthatthelineartheoryoverestimatedtheeffectof controldeflec-
tion. Thelineartheorypredictedwelltheeffectofwingangleofattack
onthewingcharacteristics,butoveresthwtedtheeffectonthecontrol
hhge moments.Modifyingthelinesr-theorymethd to accountforthewing
thictiessimprovedthetheoreticalpredictions.TheeffectofReynolds
nuniberonthecontroleffectivenessandhinge-momentparameterswassmall
fortherangetestedandthechangeswithWch numberwerethesameor
somewhatlessthanpredictedtheoretically.Increasingthehinge-line
gapcausednumericalincreasesinallparametersmeasured,as did
increasingthecontroltrailing-edgethicknessonthefull-spanconlxol.

Correlationswereobtained,boththeoreticallyandexperimentally,
showingthewinglift,rootbending-moment,andpitching-momenteffec-
tivenesstobe
aboutthewing
respectively.

functionsprimarilyof
root,andcontrol-area

controlarea,control-sreamoment
momentaboutthepitchcenter,
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INTRODUCTION

As partofa generalprogramofresearch
tionisunderwayintheWrigley4-by k-foot

WARM L54D19

oncontrolsan investiga-
supersonicpressuretunnel

to determinetheimportantWameters inthedesignofcontrolsforuse
onvarioustypesofwingsat supersonicspeedsandto evaluatevarious

. theoreticalmethodsofpredictingcontiolcharacteristics.Theffist
resultsofthetestswereobtainedona deltawingat a Machnumberof
1.61andhavebeenreportedinreferences1 to3. Theresultsreported
todatehavebeenprimarilycontrolhinge-momentcharacteristics;however,
someprelhinarypressuredistributionsandintegratedeffectivenesschar-
acteristicswerepresentedinreference3.

Thesecondwingbeingtivestigatedinthecontrolprograis a trap-
ezoidalwingofaspectratio3.1,taperratioof0.4,andhaving23°of
sweepoftheleadingedge. Thiswingwasequippedwithvarious
25.4-percent-chordpartialandfuU-spanplainflap-@pecontrols,each
ofwhichwaslocatedat thewingtr.dlingedge,havinganunswepthinge
line. Thecontrolhingemoments,measmeddirectly,audthecontrol
effectivenesscharacteristics,determinedfrompressure-distribution
measurements,arepresentedinthispaperforthetrapezoidal-wingtests,
andarecomparedwiththeoreticalpredictions.

Thewingangle-of-attackrangewasfrom0°to 12°or15°andthe
control-deflectionrange,relativetothewing,wasfrom!-30°to30°.
ThetestswereconductedatMachnumbersof1.61and2.01fora Reynolds
numberrangeof1.7x 106to5.6 x 106,basedonthewingmeanaerody-
namicchordof11.72inches.

SYMBOLS

M streamMachnumber

R Reynoldsnmber (basedon E)

~ streamdynamicpressure

a ~ angleofattack

5 controldeflectionrelativetowing(positivewhencontroltrailing
edgeisdeflecteddown)

x distancefran~ apexin chordwisedirection

Y distancefromwingap
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~ meanaer~amic chord

wingrootchord

wingSemispsll \

ratioofcontroltrailing-edgethicknesstohhge-linethickness

semkpan-wingarea

controlsrea

semis~an-wtigarea,exclusiveofcontrolarea, S - Sc

momentof Sc aboutcontrolhingeline

momentof Sc about@ root

momentof Sc aboutlinethroughapexperpendicular
rootchord

tothewing

(J“%
semispml-winglift, q Cos ‘~+-rc”+
semispan-wingrootbendingmoment,

~
~ ~’~+cos’r~’s$

semispan-wingpitchingmomentabout70percentstationofwing
meapaerodynamicchord,

1-

o.182c~cos

Sallispan-wing
ulartothe

controlhtige

1P dSc

pitchingmomentaboutlinethroughapexperpendic-
wingrootchord

~

c
momentabouthingeline, q

1
p(O.744cR- X) m

liftcoefficient,>
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rootbendtig+mmentcoefficient,~
2sbq

pitchi.ng-mcment

pitc~-moment

M’coefficient,—
qSJ5

~t,
coefficient,—qsc

controlhinge-momentcoefficient,H~

ac~
K
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Allslopeswereobtainedat a = 0° and 5 = OO.

APPARATUS

WindTunnel

ThisinvestigationwasconductedintheLangley4-by 4-footsuper-
sonicpressuretunnel,whichisa rectangular,closed-throat,single-
returntypeofwindtunnelwithprovisionsforthecontrolofthepressure~
temperature,andhmidiw oftheenclosedair. Flexiblenozzlewallswere
adjustedto givethedesiredtest-sectionMachnumbersof1.61and2.01.
Duringthetests,thedewpointwaskeptbelow-20°F sothattheeffects
ofwatercondensationinthesupersonicnozzlewerenegligible.

.
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ModelandModelMounting

Themodelwed inthisinvestigationconsistedofa trapezoidalwing
havingsixinterchangeabletrailing-edgecontrolsandvariousassociated
contioladapters(orreplacementsections)requiredtofitthecontrols
tothebasicwing. A sketchofthesixmodelconfigurationsis shownin
figurel(a)withtheshadedar?asdenotingthemoveablecontrols.A
photographofthedisassembledmodelis showninfigure2.

Thebasicwinghada 23°sweptbackleadingedge,a rootchordof
15.88inches,a tipchordof6.17inches,anda semispanof 17.02inches.
Thewingsectionwasa modifiedhexagonhavinga ratioofthicknessto
chordof4.5percentbasedonthelocalchord.Theflatmidsection
extendedfrom30percentchordto 70percentchordandthecornersjoining
theflatmidsectionto theleading-andtrailing-edgewedgeswererounded.
Theunswepthingelineswerelocatedatthe74.6-percent-chordlineforaJl
controlconfigurations.As showninfigurel(a)controlconfigurations4,
5,aad6 hadidenticalplanforms,butvaryingamountsoftrailtig-edge
thiclmess,t = O, 0.5,and1.0,respectively.Thehinge-linegapwas
maintainedat 0.01inch(0.08percentE)forallconfigurationsexceptfor
oneseriesoftestswithconfiguration4 h whichthegapwasincreased
to 0.20inch(1.71percentC)bymovingthecontrolandhingeline
resrward.

Themodelwasconstructedof steel,withthepressure-tubeinstalla-
tionsmadein groovesinthesurfacewhichwerefairedoverwitha trans-
parentplasticmaterial.The144to 169pressureorificeswerelocated
at 5 spanwisestationsonthemainwingaheadofthecontrolhingeline
andat 5 to 8 spanwisestationsbehindthehingeline,dependingonthe
configurationbeingtested.Thechordwiselocationsofthepressureori-
ficesarelistedintableI andthespanwiselocationsoftheorifice
stationsareshowninfigurel(b).Allscrewholes,pits,andmatinglJaes
werefilledwithdentalplastaandfairedsmooth.

Thesemispanwingwasmountedhorizontallyinthetunnelfroma turn-
tableina steelboundsry-layer%ypassplatewhichwaslocatedvertically
inthetestsectionabout10 inchesfromthesidewallas showninfig-
ure3. Photographsofthreeofthemodelconfigurationsmountedfor
testingwe showninfigure4. Althoughtheclearnessoftheplastic
materialoverthetubinginstallationsmakesitappesrthatthewing
surfaceisquiterough,inrealitytheftiishwasverysmooth.

TESTS

Themodelangleofattackwaschangedbyrotatingtheturntiblein
thebypassplateonwhichthewingwasmounted(seefig.3). Theangle

...— .. . — —— ———— -—
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.
ofattackwasmeasuredby a vernierontheoutsideofthetunnel,inasmuch
astheangulardeflectionofthewingunderloadwasnegligible.Control
deflectionwaschangedby a gesrmechanismmountedonthepressurebox
whichrotatedthestrain-gagebalance,thetorquetube,andthecontrol
as a unit. Thecontrolanglesweresetwiththeaidofan electrical
control-positionindicatormountedtiidethewingatthehingelineand
werecheckedwitha cathetometermountedoutsidethetunnel.

Controlhingemomentsweredeterminedbymeansofan electrical
strain-gagebalancelocatedinthepressurebox (fig.3)whichmeasured
thetorqueonthetubeactuatingthecontiolsurface.Thepressuredis-
tributionsweredeterminedfromphotographsofthemultiple-tubemanom-
eterboardstowhichthepressureleadsfromthemodelorificeswere
connected.Thewinglift,pitching-moment,andbending-momentcoeffi-
cientsweredeterminedfromintegrationsofthepressuredistributions.
As a checkonthecontrolhinge-momentcoefficientsmeasweddtiectly,
valueswerealsodeterminedfromtheintegratedpressuredistributions.

Someofthecontrolswereequippedwithorificeson onesurfaceonly,
becausestructurallimitationsmadeitimpossibleto getthenecessary
pressuretubesthroughthetorquetubeto instrumentbothsurfaces.For
thesemodels,thetestswererunatpositiveandnegativeanglesofattack
overthecontrol-deflectionrangeandthenecesssrysummationsofthe
forcesontheindividualsurfacesweremadeatreversedangularconditions.
Alldatawe presentedas ifthetestsweremadeatpositiveanglesof
attackonly. Themajorityofthetestconfigurationshada controldeflec-
tionrangefrom-30°to30°foranglesofattackof0°,6°,and12°and
anangle-of-attackrsmgefromO0 to 15°for0° controldeflection.Hinge-
momentmeasurementsweremadeat control-deflectionintervalsof 5°and
pressure-distributionmeasurementsweremadeat control-deflectiontiter-
valsof10°andattheendpointsof curves.

Mostofthetestsweremadeattunnelsta@ationpressuresof 13.0
and15.1poundspersquareinchatMachnuibersof 1.61and2.01,respec-
tively,correspondingto a Reynoldsnumberbasedonthe~ me= aero-

dynamicchordof3.6x 106. Additionaltestsweremadewithconfigura-
tion4 inwhichthetunnelstagna~ionpressurewasvariedto giveReynolds

6nwibersof 1.7x 10 and5.6x 10 at M = 1.61 andReynoldsnumbersof
1.7x 106and4.5x 106at M= 2.01. b orderto insurea turbulent
boundarylayeroverthemodelduringthetests,3/16-inch-widestripsof
No.60 Carborundumwereattachedtothewingupperandlowersurfacesat
a distanceof 1/4inchfromtheleadingedge. Thesestripscompletely
spannedthemodelexceptwithin1/4inchoftheorificestations.

— ~—— . . . .— _ -— ——–.—- . -—-..——— -
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Themean?&chnumbersintheregionoccupiedby themodelareesti-
matedfromcalibrationstobe 1.61and2.01withlocalvariationsbeing
smallerthanto.02.Thereisno evidenceofanysignificantflowangu-
larities.Theoverallaccuraciesoftheintegratedcoefficientsarenot
kmwn;however,ifthepressure-distributionfairingsareassumedtobe
correct,therepeatabilityoftheintegratedcoefficientsandtheesti-
matedaccuraciesof ot-nerpertinentquantitiesare:

a,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . to.05
b,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . io.1
CL (from~tegrations). . . . . . . . . . . . . . . . . . . . . ?0.01
Cb(fromhtegrations). . . . . . . . . . . . . . . . . . . . . ~0.002
~ (fromintegrations)....... . . . . . . . . . . . . ..*O.002
Ch(fromdirectmeasurements). . . . . . . . . . . . . . . . . 5.0~

me basepressuresonthetwoco@igurationshavingtra~~g-edge
thiclmesswereneglectedindeterminingtheintegratedcoefficients.
Analysisindicatedthiseffectwouldbenegligible.

TEIEORY

Thelineartheorymethddofreference4 wasused
controlhinge-momentandeffectivenessparametersfor

to estimatethe
modelconfigura-

tions1 toi. In determiningthehinge&omentandeffectiveness@ram-
etersdueto controldeflectionforconfiguration4,theequationsof
reference4 weremodifiedtotakeintoaccounttheexistenceoftheby-
passplate,whichactedas a reflectionplane.

me theoretical.basicwinglift,bending-moment,andpitching-moment
coefficientsduetowhg angleofattackweredeterminedby suumingthe
integratedpressuredistributionsinthetwo-dimensionalandconicalflow
regionsonthewing. Thesepressuredistributionswereobtainedfrom
reference5.

In orderto getan approximationoftheeffectofwingthiclmess,
theoreticalcharacteristicswiththiclmesswereobtainedby correcting
thelinear-theoryvaluesby theratiosofthetwo-dimensionalcharacter-
isticsobtainedwiththiclmesstothetwo-dimensionalflat-platecharac-
teristics.!fhecorrectionmethodusedhereinis similsrtothoseused
inreferences4 and6. In determiningthetwo-dtiensionalcharacteris-
ticswiththiclmess,theequationsandcbfu%sofreference7,which
employtheshock-expansiontechnique,wereused. Theoreticalcorrections

—— — _.—. .— ..—-. --
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fortheeffect
sinceanalysis

Thebasic

ofbasepressureon configurations5 and6 wereneglected
tidicatedthattheywouldbe small.

RESULTSANDDISCUSSION

EffectofControlDeflection

dataforeachofthe14testconditionsarepresentedin
figures5 to18intheformofvariationsofwinglift,bending-moment,
andpitching-mmentcoefficientswithcontroldeflectionandvariations
ofcontrolhhge-mmnentcoefficientwithcontroldeflection.Theresults
forthesixbasicmodelconfigurationsaswellasmodelconfiguration4
withtheincreasedhinge-linegapme presentedat M = 1.61 for
R= 3.6X 106. b addition,resultsforconfiguration4 arepresentedat
R= 1.7x 106and5.6x 106 for M= 1.61.At M = 2.01,testresults
forbasicconfigurations2, 3,and4 arepresentedat R = 3.6x 106 and
forconfigurationat R = 1.7x 106and4.5x 106. Inallcasesthe
pointsymbolsrefertotheintegratedpressure-distributionresults.The
solidlinesontheplotsoflift,bending-moment,andpitching-moment
coefficientarecurvesfairedthroughthepoints.me linesonthehinge-
mcment-coefficientplotsarethecurvesdeterminedfromthestrain-gage
balancemeasurements,whichwereobtainedat5° intervals,andindicate
thereliabilimoftheintegratedpressure-distributionresults.

Ingeneral,thevariationsofliftandbending-momentcoefficients
withcontroldeflectionarefairlylinearovertherangeofcontrol
deflectionsforallconfigurationstested;however,thereisan increased
slopeofthecurvesat thehigheranglesofattackandcontioldeflections.
Thevariationsofpitching-momentandhbge-mmentcoefficientswithcon-
troldeflectionarealsoquitelinearovertherangeof controldeflections
from-20°to20°. At controldeflectionsexceedingthesevalues,a sud-
dendecreaseinslopeoccursformanyofthetestconfigurations,similar
tothatobservedinreference3,andwhichiscausedby a forwardshift
inthecenterofpressuredueto separationoftheflowaheadofthehigh
pressuresideofthecontrolat largedeflections.

EffectofWingAngleofAttack

.

.

.

Thevariationsofwinglift,bending-moment,andpitching-moment
coefficientswithangleofattackforthebasicwinghavinga sharp
trailingedgearepresentedinfigure19 forthetwotestI@chnumbers
ata Reynoldsnumberof3.6x 106. !l%esevariationswereobtainedfrom
thetestsofconfigurations1,2, 3,andk at zerocontroldeflection,.

\

.
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thevariationsat othercontroldeflectionsbeingpsrallelalthoughdis-
placedaccordingto theeffectivenessoftheparticulmcontrol.The
experimentalcurvesoffigure19 srecomparedwiththepredictionsofthe
lineartheoryandthelineartheorycorrectedforthichess.

Thecurvesoffigwe 19srealllinearovertheangle-of-attack
range,andl.ift-andbending-moment-coefficientslopesobtainedexperi-
mentallyarein excellentagreementwithboththeoreticalpredictions.
Thelinear-theorypredictionofpitching-momentcoefficientdueto angle
ofattackappearstobe poor;however,itismagnifiedconsiderablyby
thechoiceofpitching-momentcenteratthemidchordofthemeanaero-
=C chordandinrealityisa goodpredictionsincetheerrorin
center-of-pressurelocationisonlyabout5 percentofthemeanaerody-
namicchord.Whentheeffectofwingthicknessis included,thetheoret-
icalpredictionofpitching-momentcoefficientis improved.

.

Illustrativecurvesshowingthecontrolhinge-moment-coefficient
variationwithangleofattackforbasicmodelconfiguration4 srepre-
sentedinfigure20forthetwotest&h numbers.In ordertoprevent
needlessduplication,thehinge-momentcwves fortheothertestconfig-
urationsareomittedsincethecharacterofthevariationsaresimilar
andthedataareavailableinfigures‘jto18. Thecurvesoffigure20
arelinesrovertheangle-of-attackrangeandgenerallyparalleloverthe
rangeof Contz-oldeflection,aswerethecurvesfortheother
configurations.

EffectofReynoldsNumber

Comparisonsofthevariationsofwinglift,bend~~oment, pitcldng-
moment,andcontrolhinge-momentcoefficientswithcontroldeflectionfor
modelconfiguration4 at M = 1.61 forthethreetestReynoldsnumbers
we presentedinfigure21. Thechmgesinvariationof lift@ bending-
momentcoefficientwithcontroldeflectiondueto changingtheReyuolds

6nunberfrom1.7x 106to5.6x 10 aresma~ andinconsistent.The
changesinpitching-momentandhinge-momentvariationsme withinthe
accuracyofthetests.Theresultsat M = 2.01 ofvaryingtheReynolds
nmbersfrom1.7x 106to4.5X 106(notshownhere)srealsosmalland
inconsistent.Itappears,therefore,thattheReynoldsnumberchsmgehad
littleeffectonthecharacteristicsofthemodeltested.

EffectofTrailing-EdgeThiclmess

Thevariationsofwl.nglift,bending-moment,pitching-oment,and
controlhinge-momentcoefficientswithcontroldeflectionsforconfigura-
tions4, 5, and6, forwhich t = O, 0.5,and1.0,respectively,me shown

,,
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infigure22. Inalmostallcaseschangingfroma sharpbailing-edge
(t= O)toa half-blunttiailingedge(t= 0.5)causedanappreciable
increaseintheslopesofthecurves.Furtherincreasingthethickness
toa blunttrailhgedge(t= 1.0)causedno appreciablechangeinthe
curves.Thiseffectcanbe seenmoreclearlyintheplotsoffigure23
showingthecontroleffectivenessandhinge-momentparametersasfunctions
oftheratiooftrailing-edgethicknesstohinge-ltiethickness.An
increasein slopesdueto increasingthetrailing-edgethiclmessispre-
dictedby thethicbess-correctedtheoreticalcurves;however,themagni-
tudeandtheexactvariationwith t oftheincreasesinexperimental
parametersarenotpredicted.Forpurposesofcomparison,experimental
pointsandtheoreticalcurvesarealsoshowninfigure23forsimilar
tests(ref.6) ofthickenedtrailing-edgeeffectona partialspancon-
trolona sweptwingofa completeaticraftconfiguration.M thetests
ofreference6,theincreasein slopesf?xm t = O to t = 0.5 was
appreciably@eaterthanthatfrom t = 0.5 to t = 1.0,exceptforthe
ltit effectiveness.In general,an increaseinslope
increasingtrailing-edgethiclmessis inharmonywith
testresultsontwo-dimensionalandthree-dimensional
references8 and9.

EffectofHinge-LineGap

pa%meterswith
othersupersonic
wingssuchas

Thevariationsofwinglift,bending-moment,pitching-moment,and
controlhinge-momentcoefficientwithcontioldeflectionareshownin
figure24 formodelconfigurationk withhinge-linegapsof 0.01inch
and0.20inch. = general,theeffectof increasingthehinge-line
gapby 1.6percentofthemeanaerodynamicchordwasto increasethe
slopesofthecurves,especiallyat smallcontroldeflections.At
a= 00,Zj= 0°,theincreasesin slopesvariedfrom6 percentforthe
hinge-momentslopeparameterto 20percentforthepitching-momentslope
parame-ta,thelatterbeingtheone
theaerodynamic
linerearward.

effectandfromthe

EPfectof

coefficientthatbenefitedbothfrom
geometriceffectofmovingthehinge

MachNumber

Thetheoreticalandexperimentalcontroleffectivenessandhinge-
momentParsmet=sareplottedasfunctionsofMachnumberinfigure~
forthebasicconfigurationsha- sharpbailingedges.Notethatthe
axeshavebeenshiftedandthatallparametershavebeenplottednumeri-
callyupwardtopreventconfusionofthecurvesandpoints.Thelinear
theoryoverestimatestheexperimentalparametersforallmodelconfig-
urationsatbothtestMachnumbers;however,whentheeffectofwing
thicknessisincluded,thetheoreticalpredictionsme considerably
improved.Ingeneral,theexperimentalchangeincontroleffectiveness

.
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andhinge-momentparameterswithMachnumberisthesameor somewhatless
thanispredictedtheoretically.

EffectofControlSizeandLocation

Correlationsoftheexperimentalandtheoreticalwinglift,bend@-
moment,andpitching-momentslopeparameterswithcontiol-arearatio,
control-mea-momentratioabouttherootchord,andcontrol-area-moment
ratioaboutthewingapex,respective~,arepresentedinfigure26for
thebasicconfigurationshavingsharpbailingedges.130ththetheoret-
icalandexperimentalpointscorrelateinapproximatelystraightlines,
theslopesoftheexperimentalcorrelationsbeingabout70percentof
thoseofthelinesrtheorycorrelations.Inclusionofthewingthickness
effectinthetheoreticalpredictionseliminatedapproximatelyhalfof
thediscrepancybetweentheexpertientalandlineartheorycorrelations.
Theexperimentalcorrelationsat M = 1.61 presentedhereinwere~re-
sentedinpreliminaryforminreference10. Correlationswerealsoshown
inreference10forv=iouscontrolsona deltawing,anditwaspointed
outthatsimilarcorrelationswereobtainedon sweptandunsweptwings
fromothersources.

An investigation
determinethecontrol

CONCLUSIONS

hasbeenmadeatlhchnmhrs of1.61and2.01to
effectivenessandhinge-momentcharacteristicsfor

a seriesof25.4-percent-chordtrailin.g-edg~controlsona trapezoidalwing
havinga 23°sweptbackleadingedge,aspectratioof3.1,andtaperratio
of0.4. Testsweremadeat anglesofattackfrom0°to15°forcontrol
deflectionsfrom-33°to30°andtheresultsindicatethefollowing
conclusions:

1.Lineartheoryoverestimatedtheeffectiveness”andhinge-moment
characteristicsdueto controldeflectionandthehinge-momentcharacter-
isticsduetowingangleofattack,butpredictedthebasicwingcharac-
teristicsdueto angleofattackverywell. Modifyingtheltiear-theory
methodto accountforthewingthiclmessimprovedthetheoretical
predictions.

2. VaryingtheReynoldsnumberfrom1.7x 106to5.6x 106caused
littlechangeintheeffectivenessandhinge-momentcharacteristicsfor
thefull-spancontrolhavinga sharptrailingedge.

3. Increasingthetrailing-edgethiclmessofthefull-spancontrol
fromzerothiclmesstohalfthehinge-linethictiesscauseda numerical
increaseinthecontroleffectivenessandhinge-momentparameters.Fur-
therincreasingthetrailing-edgethic@esscausedlittlechmge in slopes.

-. ..—— —- —— -.
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4. Withintherangeof gapstested,increasingthehinge-linegap
on thefull-spancontrolhavinga sharptrailingedgeincreasednumeri-
callythecontroleffectivenessandhinge-momentparameters.

5. Theexperimentalchangesofthecontroleffectivenessandhinge-
momentparameterswithMachnumberwerethesameor somewhatlessthan
predictedtheoretically.

6. Correlationswereobtainedboththeoreticallyandexperimentally,
showingthewinglift,rootbendingmoment,andpitching-momenteffec-
tivenesstobe functionsprimsri2yof controlarea,control-areamoment
aboutthewingroot,andcontrol-areamomentaboutthepitchcenter,
respectively.

LangleyAeronauticallaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,April5, 1%4.

.
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Station

NACARM L54D19

TABLEI

CHORDWISEIQCATIONSOF ORIFICES

1
spanwise locationsshowninfigure1(b)

Orificesaheadofhiuzeline:
(orificelocationsidenticalonupperandlowersurfaces).

stations 1 3 4 7 8
0.034 0.157 0.275 o:~~ o.46g
.093 .203 .308 .482
.162 .260 .354 .449 .5W
.260 .342 .42o .499 .549

x .358 .423 .485 .548 .588

G
.456 ●505 .551 .598 .628
●554 ●585 .617 .648 .667
.603 .627 .650 .673 .687
.652 .667 .682 .697 .707
.701 .708 ●7J-5 .722 .727
.737 .737 .737 .737 .737

Orificesbehindhime lines:
(orificeslocated-onuppersurfaceonlyforconfigurations1, 2,3,
and4; orificelocationsidenticalonupperandlowersurfacesfor
configurations5 and6).

Stations 1 2 3 4 5 6 7 8

O::; 0.751 o;;;; o:~g 0.7490:;:: 0.748 0.747
.770 .762 .760 .756

x— .838 .825 .822 .807 .798 ;;;; .792 .782CR .902 .879 .875 .850 .835 .824 .808
.976 .g40 .934 .893 .87o .870 .852 .826

Additionalorificeslocatd: onwinginsidehinge-line@p at stations1,
3,4, 7,and8 andon controlleadingedgeat s~tions3,4, 5,7,8
whereapplicable.

Ij.j. .. -,..
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